(6) ATP : urea amidolyase (UALase) which catalyses the ATP-dependent degradation of urea. Although originally reported to be one enzyme (Roon & Levenberg, 1968 ) UALase appears to be either two separate enzymes (Thompson & Muenster, 1971) or an enzyme complex (Whitney & Cooper, I972a, b). The two enzymes are urea carboxylase (urea:CO, Iigase (ADP), EC 6.3.4.6) and allophanate hydrolase (allophanate amido hydrolase, EC 3 . 5 . I .13) which catalyse the reactions: al!o p h ' 1 n at e h yd r n I a se
Because the properties of urease and the UALase system differ so markedly, they are readily distinguished in extracts. UALase requires ATP, ME?+, K-and is inhibited by avidin (Roon & Levenberg, 1968; Rognes, Roon & Levenberg, 1969) , a specific inhibitor of carboxylating enzymes which acts by binding the biotin co-enzyme. This inhibition is abolished by excess biotin. The purified enzyme has an absolute requirement for COz (Whitney & Cooper, 1970; Roon & Levenberg, 1 9 7 0~) but this is present in sufficient quantities in crude extracts at alkaline pH. Urease does not require cations and is not stimulated by ATP or inhibited by avidin.
The criteria used to distinguish urease and UALase in this study were: stimulation by ATP, inhibition by avidin and the abolition of this inhibition by excess biotin. Table also gives the conditions of culture.
Media. References giving the culture media used are in Table I . The original major nitrogen sources were replaced with 0 . I O 0 ( I 6.6 mM) urea which was filter-sterilized and added after autoclaving the medium. I n the S 50 medium of Droop (1955) , glycyl-glycine was retained as the buffer system since it was not utilized. In the Chu no. 10 x 5 medium used by Miller & Fogg (1958) , Ca(NO,), was replaced by CaCI,. The medium used to culture Asterococcus was (mgll): CaCl,. 2H20, 27; K,SO,, 434; MgSOl. 7 H 2 0 , 493; KH,P04, I 36; citric acid, 3; ferric citrate, 3. Trace elements were added as Arnon's A 5 micronutrient solution, I ml/l (Arnon, 1938); I ml of Vitamin mix 8/1 (Provasoli, McLaughlin & Droop, 1957) was also added because the strain of Asterocuccus used was found to be auxotrophic. The pH of this medium was 4-5.
With the exceptions of Nonochrysis lutlit~ri and Nantiocliluris oculutu, stock cultures were maintained on a solid enrichment medium, designed to promote vigorous growth and to reveal any contaminants. This contained (g/l): Bacto peptone (Difco) Sterility tests. To detect the presence of any microbial contaminants, 0.2 ml portions of culture were taken at the time of harvesting and streaked on plates of the appropriate solid enrichment medium and inoculated into broth (non-solidified enrichment medium). Plates and broth were incubated at 25 "C and periodically inspected for signs of growth. Results obtained from any cultures found to be contaminated were disregarded.
Preparation of extracts. Late log-phase organisms were harvested by cent rifiiging at 5000 g for I to 2 min at 4 "C and the pellet resuspended and washed in three changes of cold, sterile nitrogen-free medium.
The algae were then resuspended in 10 ml of the appropriate ice-cold assay buffer and broken in a French pressure-cell at 12000 Ib in-2. Phaeodactylum and Dunaliella were broken with an M.S.E.-Mullard ultrasonic disintegrator with a nominal output of 60 W at 20 kHz; the temperature was kept below 3 "C. The resulting broken algal suspension was diluted to the required volume with ice-cold assay buffer and centrifuged at 25 ooo g for 30 min at 4 "C. Portions (2 ml) of the supernatant were assayed for enzyme activity.
Protein in the supernatant was determined by the method of Lowry, Roseborough, Farr & Randall (1951) .
Enzjwze assajis. The reactions were carried out in 25 ml universal bottles by a method modified from Adams (1971) . In each bottle a Durham tube, containing 0.1 1111 40 O 0 (w/v) KOH to absorb 14C02, was suspended above the reaction mixture and the vessel sealed with a no. 41 Suba-seal stopper.
Incubation mixtures for the assays contained the following. Urease: 270 pmol tris (tris(hydroxymethy1) amino ethane)-HC1 buffer, pH 8.4; 3.7 ,umol dithiothreitol; 2.7 pmol Na,EDTA. The following were also added as indicated in Table 2 : 5 pmol MgS04.7H,0; 10pmo1 KCl; ropmol ATP; 50pg avidin. The final kol. in all assays was 2-7 ml. UALase: 265 pmol tris-HC1, pH 8.4; 3.6 pmol dithiothreitol; 2.6 pmol Na,EDTA;
6.6 pmol MgSO, . 7 H 2 0 ; I 3 -2 pmol KCl. The following were added as required : I o pmol ATP; 50 pg avidin; 50 pg d-biotin. In all assays the total volume was 2.65 ml. For the two Nannochloris spp. tricine (N-tris (hydroxymethyl) methyl g1ycine)-KOH, pH 8.4, replaced tris-HCI since the latter appeared to be inhibitory. This buffer was also used to prepare extracts from Dunaliella. Urease or UALase activity was deterinined by measuring the quantity of 14C02 liberated during incubation of the crude enzyme with [14C]urea for I h at 30 " C ; each treatment was duplicated and denatured enzyme controls always included. After pre-incubating the reaction bottles for 10 min, the reaction was started by injecting 0.2 ml of [14C]urea solution (0.2 pCi and 0.05 pmol) through the rubber seal. The reaction was stopped by injecting 0.2 ml of M-H,SO,. The bottles were then shaken vigorously for several hours to allow release and trapping of all 14C02. Radioactivity was measured with a Beckman LS 200B liquid scintillation counter. The counts, corrected for background and counting efficiency (75 %), were converted to absolute values and enzyme activity expressed as nmol C 0 2 recoveredlmg protein during the I h assay period. Table 2 summarizes the results of the enzyme assays. No attempt was made to define the optimum pH and temperature for every preparation and the substrate concentration was not necessarily saturating in every assay. Consequently the figures given should not be taken to represent the maximal enzyme activities. Nevertheless, the results are clear cut for comparative purposes.
R E S U L T S A N D DISCUSSION
With one exception, extracts from those algae belonging to the Chlorophyceae liberated little C 0 2 from urea unless ATP was added. This ATP-dependent release of CO, was inhibited by avidin and this inhibition could be almost completely abolished by excess biotin. It is reasonable to conclude on these criteria that these algae contain UALase.
In contrast, all other algae examined were found to contain urease. Extracts from these organisms readily liberated C 0 2 in absence of ATP, Mg'T and K+ and addition of these co-factors produced no marked stimulation, nor did avidin inhibit C 0 2 production.
Extracts from the two species of Tetradinis at first gave anomalous results. These extracts catalysed a substantial release of CO, from urea in absence of any co-factors and this release was markedly stimulated on addition of ATP but was not avidin-sensitive. Subsequent work showed that this apparent stimulation by ATP was due to its ability to chelate Mg'f ions. We conclude that the two species of Tetraselmis studied contained urease but that crude extracts from these organisms probably contained sufficient Mg2+ to give partial inhibition of the enzyme. The urease from these organisms was particularly sensitive to Mg2L. The results presented in Table 2 for Tetraselmis spp. were obtained with extracts from well washed algae; with these the stimulation by ATP was much reduced.
To the number of Chlorophyceae here shown to contain UALase can be added several species of Chlorella: Chlorella cff@soidea, C. pyrcnoidosa (Roon & Levenberg, I 968), C. vtilgaris var. viridis (Thompson & Muenster, 1971) and C . fusca var. vaczrolata (Adams, 197 I) . Roon & Levenberg (I970b, 1972) found UALase in Cldarnydoinonas reirihardii, 0s we did.
Nannochloris oculata was the only member of the Chlorophyceae examined which did not contain UALase. However, the taxonomic position of this organism is now in doubt. It was originally placed in the Chlorophyceae (Droop, 1955) 
Guillard (personal communication) show that it does not contain chlorophyll b and is therefore not a chlorophyte. Possibly the presence or absence of urease or UALase could be a useful diagnostic characteristic in taxonomic studies of those chlorophytes of uncertain classification, for example, certain strains of Nannochloris and Stichococcirs which are at present placed in the Chlorophyceae.
All the representatives of the other algal classes -Prasinophyceae, Xanthophyceae, Bacillariophyceae and Chrysophyceae -which we surveyed contained urease. Other algae known to contain urease are: Ochromonas ~nall~amensis (Chrysophyceae) (Lui & Roels, 1970) and several members of the Myxophyceae: Nostoc sp. (Roon & Levenberg, 1972) , Pliorinidiutiz luridurn and Plectoiiema calotliricoides (Berns, Holohan & Scott, 1966) . Roon & Levenberg (1972) also found urease in Moiiodus, as we did, and these workers (197ob) suggest that urease is present in Euglena gracilis var. bacillaris (Euglenophyceae).
Present knowledge of the distribution of UALase in the plant kingdom is limited. Roon & Levenberg (1972) found UALase only in some yeasts and Chlorophycean algae. However, the Chlorophyceae and yeasts are clearly different when other metabolic patterns are considered, e.g. lysine biosynthesis (Vogel, Thompson & Shockman, I 970) . UALase has also been obtained and partially purified from spores of the fungus Geotrichiirm candidiim (Shorer, Zelnianowicz & Barash, I 972). The distribution of urease is known to be widespread throughout the plant kingdom (Varner, 1960; Roon & Levenberg, 1972) . It is found in bacteria, fungi, yeasts, algae and higher plants and may prove to occur much more commonly than UALase.
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